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By Albert J, Evans and E, Eernard KLmker 

A p r e l i m i n a r g   i m e s t i p t i o n  of tw9 10-foot-ciiameter  three-blade 
propellers  has been made to deterdne the   e f fec t  Gf swept-back blade 
t i p s  on propel ler   asrodpanic   character is t ics .  The blade t i p s  of one 
propeller mere compsed of Clark Y sections, the qurter-chord poi?ts 
of wMch wsre on a s t ra igkt   rad ia l  lfne; the  other  propeller had blade 
t i p s  composed c?f the same sections, k.ut the l o ~ m  or" the quarter-chord 
points formed E ss;.ept-bnck cwved m e .  The design parameters chosen 
f o r  the swept-hack blade t i p  viere as follows: propsller advance r a t i o  
of 1.2, hel ica l  tip L k h  number of 1.0, and. sec t ion   c r i t i ca l  Lkch 
number of 0.80. 

Ths value or" helical t i p  Mach number at xhich  the peak envelope 
efficiency began t o  decreaae was increased  fron! 0.50 f o r  the propeller.  
wi th   s t rz ight  bhde t i p s  t o  dmut 0.92 f o r  t5e propeller with mept-  
back blade  t ips ,  and at wlues 03 h e l i c a l   t i p  Mach nunber abme 0.92 
the propeller w5th swept-5ack blade tips wzs found. to have a 2-prcent 
Fncrease i n  peds envelo-e  efficiency.  %sed on qual power absorption 
and constant  rotational speed, the   popel ler   re i th   srept-back blade 
t ips   shomd a im?rovement i n  efficiency at high rot.=tiond  speeds 
anci at correspondingly high hz l i ca l  tip B c h  numbers; zt lcw ro ta t iona l  
speeds, hmver, the   pmpel le r  with straight, blade t i p s  showed a hfgher 
efficiency, 

Tha r e su l t s  of the tests indicated that the   eff ic iency of a pro- 
peller may be increased for values of h e l i c d   t i p  Mach number above 
t h e   c r i t i c a l  by utilizing svreepback 'in tha blade dssign. 
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I1VTRODuCTION 

NACA RE4 No. -21 

Work of the National Advisory Committee f o r  Aeromutice (Bee 
reference 1) and recently available German work (rsferense 2) h a w  
ahown that the c r i t i c a l  Mach nmiber of a wing can be mterially 
increaecd by the u t i l i za t ion  of aweepback cr  awoepfom-rd.  Accordin8 
t o  German reports a conventional w i n g  having sections w i t h  a c r i t i c a l  
Mach number i n  the neighborhood of 0 .& mny have i t a  c r i t i c a l  Mach 
number increased to 1 .IO by sweeping back t he  wing 45O frm the normal 
to  the stream & l a .  ~ o r m m  teats of propellore (reference 3 )  
incorporating ewept-back bla6es show an increase i n  efficiency of about 
3 to 4 percent over propellers with conventional  blade design The 
available German data, however, is  very limited and the present t ea t s  
havo been undartakeu to determine rapidly the f e a s i b i l l t y  of using 
swsepback in propeller blade deeigns. 

A series of comparative t ee ts  of a propeller  with awopt-back 
blade t i p s  and a propeller w i t h  thz sane blade-form charac tmis t ics  
but no sweopback of the t ips  has bean made in  the Langley 16-foot high- 
ape& tunnel. The propeller! blades aa  tested a re  modified conventional 
blades of Curtlss 89324 deaign. The awept-back propeller, therefx-e, 
doe8 not have truu swept-back bladee, but rather a modified awept-back 
tip The blade8 were t e a t e d  aa three-blade propellers i n  a 
Curt iee   e lectr ic  hub. 
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t 

T propeller thrust, 2onncEs 

v airspeed, feet per second 

b blade width, feet 

h blade  section mulm.wn thickness, feet 

n propeller ro ta t iona l  speed, revolutions per second 

T propeller efficiency 

P mass density of air, slu- per cubic foot 

S 2000-horsepmzr pro eller dynamometer was uaed to t e e t  the 
propellers fn the L-ey I 2 -foot-high-speed tunnel. Figwe 1 1s a 
photograph of the propeller with avept-back blade t i p s  mounted an t h e  
Qnamameter. In order to expedfte the t e s t s ,  no splnaers mre used; 
as a consequence, the hub w a ~  l e f t  expoeed t o  the air  stream. 

Propeller Blades 

Bo+. the straight t i p  blades and the swept-back t fp  blades uaed 
In %hese testa  vere modified f rora standard duralumin bl3tdes of the 
C u r t i s 5  89324 design incorporatins C l a r k  Y sections (fig. 2) - The 
Cismeter of the o r i g i n a l  standard blade FIELB reduced fram 13 feet to 
10 feet  by cutting off the tip. New t ips  were f ornod 011 the 
reduced-diameter bladss beginning .at the 45-fnch-redius section; in 
@ne case the locus of the section quarter-chord points W&EI maintained 
a8 a straight rzdialline,and in the case of the swapt-back blada t ips  
the locua of the section quarter-chord p o h t s  was swept back Ba 'a curved 
l ine It should be noted that the taper ratlo f o r  theso propeller 
blades . is' higher than n0nmJl.y amploy& . 

Tests of swept-back wing8 have shown that the  critical Mach 
number of' a conventional wing can be increased br sweep- back %hs 
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wing and t ha t   t he   i nc rease   i n   c r i t i ca l  Each nunber i s  a function of 
the  cosine of t hc  angle of sxeqback. Based on this  conclusion,  the 
equation of the  curve of smepback f o r  the  present  design was derived 
Sy using  the  following  design  parameters:  section  critical Nach 
number of the  blade,   propel ler   rotat ional   sped,  and  advance r a t i o  a t  
wk..ich the ,mept-back propeller.. i s  in$ended to  operate. The curve 
starts 2.t t he   r ad ia l   s t a t ion  where the  section speed just reaches  the 
c r i t i c a l  vaue ;  froin tht s t a t i o n   o u t   t o  the blade t i p ,   t h e  locus of 
the  section  quarter-chord  points is swept back so  t h a t  e t  each  radial  
s t a t ion   t he  S X C ~ S S  section speed abcve t h e   c r i t i c a l  is conpensated 
t h e  local sweepback. The design  paraneters chosen for   the  blades used 
in t h e   t e s t s  were a3 follows: J = 1.2, Et = 1.0, and bier = 0.80. 
Those design conditions were not choson to represent any des ign   f l lgh t  
conditlon.  Since  the r n a x i ~ u r ~  amcunt of o~eepback was desired, the 
:.ridth of the  blades  detemined the r ad ia l   s t z t ion  Z t  which  t.he curve- 
of a-meapback s tar ted  and inclirectly inr'luonceci the  choice of t he  
design  parmeters. 

The sections of the blades with mept-Sack tips and the  sections L 

of the  blades  with  straight t i ps  were the  sane within  manufacturing 
tolerances. The blade-pitch  distribution was t h e  same for both pro- 
pellers and iyas mehsured i n  a plane perpendicular t o  the   rad ia l   cen ter  t 

l i n e  of the  blades. (See f i g .  2.) Figures 3 and h are photographs 
of the  blades. 

PESTS 

The tes t  results are presented i n  the usual propeller coefficient 
form as p lo ts  of thrust   coeff ic ient ,  power coefficient,  and efficiency 
against advance ra t io .  

P ropd le r  thrust a s  used herein is defined as the  increase i n  
s h a f t  tension caTJsed bp t he  hub-to-tip  part of the  pmpeller  blades.  
The insicated  propel ler  thrust has been  corrected by the ainount or' the  
t a r e  t h . r v 3 t  found by oseratiag t h e  dplarmmeter x5th the propeller hub 
i r 8 s t a l l d  without  prcpeller blades &t t h e  s m  values of a i rspeed  as  
were used i n  the   Fmpsl le r  tests. The ef fec t  of rotat ional  speed on 
t h e  t a r e  thrust was negligible, the  error Seine, within the exgcri- 
mental  accuracy of the t e s t s .  

Thrust, torque, and ro ta t iona l  speed mre measured f o r  each of 
the two propellers at  b1ad.r; angles of 203, 2s0, 30°, 35', LOo, and &so 
a t   t h e  three-qcarter (bs-in.) radius. P. co9staTt  rotational  speed 
T ~ S  used f o r  each tes t ,  and a range or" advance ratio (" = 5) vas 

covared by changing the  tur-nel airspeed, which vas varied from about 
60 miles per hour t o  42.5 miles per hour. 

r 

t 
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In order to cover a range of t i p  Msch number, the t e a t s  were 
run at rotational  speeds of 1350, 1600, 1800, m ~ ,  2100, and 
a60 revolutions per minute.  Because of the limited torque aVailablS, 
however, hi& rotational speeda were not puzl at hi& blade angles 
A t  2000, 2100, and 2160 revolutions p r  minute .the blade angles were 
s e t  a t  mo, 250, and 30°; a t  1600 ana  BO revolut iom per minute the 
blade miglss were s e t  at 209 50, 30°, and 35O; and at 13% revolutions 
per minute t h e  blade angles were set at 200, eor 30°, 35O, 400, and 45O 
The range of t i p  number vaTied from 0.61 to 1 .l3 

The G l a u e r t  bmel -wal l  correction (reference 4) was applied to 
t h e  data obtained in the t e s t s  and amounted. t o  lees than 2,percent in 
the range of peak efficiency. 
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efficiency of the  propeller  with swept-back blade t i p s  maintains a 
constant value until & . t i p  Mach  number of 0.92 is reached and then 
decreases from thip point 2,t the same ra te  as the  propeller  v5th 
straight  blede bi2's. At' values of t i p  k c h  number belon 0.80, no 
appreciable  difference was noted i n   t h e  peak envelope eff ic iencies  of 
t he  two propellers;  but a t   h e l i c a l  t i p  Xach numbers above 0.92, the 
propeller with swept-back blade t i p s  is approximately 2 percent more 
ef f ic ien t .  . . .  . . . . 

Constant-Povrer Propeller  Operation 

A t  the  same values. of blade angle, rotat ional  speed, and advance 
rat io   the  propel ler  w5th' swept-back tips .absorbed mo'm power and 
developed more thrust   than  the propeller with straight t i p s .  This 
difference i s  most pronounced at the high rotational  speees. Although 
small  changes in the b l a d e q l e   s e t t i n g  could cause the small 
differences that occur a t   the  low rot,ational. speeds, the  consistently 
higher th rus t  and torqiJe for the p r o p l l e r  wi th  mapt-3ack tips is 
believed t o  be caused by a greater uprash a t  t h e  t i p   s ec t ions  and a lso  I 

by a delay i n  advarse compressibility ef fec ts  a t  tht: high t i p  k c h  
numbers. 

b 

Although propelle=.  theory is  based on the assumption of inde- 
pendent operation o f  propeller blzde elements, mutun1 interference 
of the  blade  elements daes exist and the operation of each,element 
is affected by the  ne$ induced flow crected .by all- t h e ' b k d e  elements. 
The f l o w  f i e l d  of the  inboard  blade  elemerrts.tends t o  prodwe an u p s h  
in the   v ic in i ty  of the blade t i p  that   effect ively  increases   the an&e 
of a t tack  and the  operating l i f t  coefficient of the t i p  sections. This 
upwash, normally manifest as a t i p  vortex, becomes stronger with 
increasing  distance downstream and a t t a ins  near%{ its full strength 
a few chords behind the  lifting line; hence the   t ip   sec t ions  of the 
propeller with smpt-back t.ips operate i n  a stronger u p s h  and, 
consequently, at higher lift coefficients than those of the  propeller 
with straight  t ips.   Since a large prt of the a i r  load i s  concentratod 
near the  t i p  sections, a small increise i n  u p a s h  at the t i p  produces 
a noticeable change i n  the l i f t  and, hence, in the th rus t  and torque. 
Kind-tunheh tests of wings with sweepbaclc.have shown a similar increase 
i n  lift at the  outboard  sections. 

The th rus t  , a n d .  torque f o r  the propeller r i t h  mept-back tips are 
fur ther  increased at high t i p  &ch numbers. The e f fec t  of sveepback 
is t o  increase .the Pkch number a t  which there i s  a loss i n  l i f t  and a I 

rapid  increase i n  drag, A t  speeds above the   c r i t i ca l  vd.uc of the 
a ir fo i l  sections,  the swept-back t i p  sections vi11 minta in  the i r  lift 
whereas the unswept t i p   s ec t ions  v d l l  experience a l o s s  i n  lift and an 
increase in drag, As a consequence of the hi&er lift at the t i p  t 
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aectiana the propeller w i t h  swept-back tipa will absorb mre power 
and devefop a greater thrust than the propeller xith straight tfps at 
the Sajnc3 operathg conditions. 

The eTficienciss of the two propellers at constant power 
coefficient are c a p r e d  fn f igurs 19. Over most of the range of 
advance ratio covered in the teets, the propeller with swspt-back t ips  
shows a lower efficiency at the  low r o t s t l o r d  speeds, t he  difference 
in efliciency being greater for the l o w  values of power coefficient. 
A s  rotat ional  speed fa increased, and cansequently t ip Mach number, the 
dAPferences fil efficiency become less . At rotational speeds hbom 
l&O revolutfone per mfnute the propeller with swept-back tips ehows a 
distinct admtage . . .  
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Figure 1. - Propeller with swept-back blade tips mounted on dynamometer 
in test section of -ley 16-foot high-speed tunnel. 
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Figure 3.- Propeller blade with swept-back  tip (left) 
and straight tip (right). Cambered surface. 
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NACA RM-NO. L6J.21 Fig. 4 

Figure 4. - Propeller blade with swept-back  tip (left) 
itnd straight tip (right), Thrust surface. 
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Figure 15 .-Characteristics  of  propeller  with  straight blade tips 
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Figure 17 .-Comparison of envelope efficiency  curves for propeller 

with swept-back blade tips and straight blade tips at six 
rotational  speeds. 
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Figure  18.-Comparison of variation of envelopes of peak envelope 
efficiencies  with  helical tip Mach  number  for  propeller with 
swept-back  blade tips and straight blade tips. 
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Figure 19 .-Comparison of propeller efficiency at several  values of constant power & . 
coeffcient and rotational speed for propeller with swept-back  blade tips and straight F 
blade  tips. 
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Figure t9 .-Continued. 
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